Background: Even though NIR fluorescence imaging has many advantages in SLN mapping and cancer detection, NIR fluorescence imaging shows a serious drawback that NIR cannot be detected by the naked eye without any detectors. This limitation further disturbs accurate SLN detection and adequate tumor resection resulting in the presence of cancerous cells near the boundaries of surgically removed tissues. Materials and methods: To overcome the drawback of the conventional NIR imaging method, we suggest a novel NIR imaging system which can make the NIR fluorescence image visible to the naked eye as NIR fluorescence image detected by a video camera is processed by a computer and then projected back onto the NIR fluorescence excitation position with a projector using conspicuous color light. Image processing techniques were used for projection onto the exact position of the NIR fluorescence image. Also, we implemented a phantom experiment to evaluate the performance of the developed NIR fluorescence projection system by use of the ICG. Results: The developed NIR fluorescence projection system was applied in normal mouse model to confirm the usefulness of the system in the clinical field. A BALB/c nude mouse was prepared to be applied in normal mouse model and 0.25 mg/ml stock solution of the ICG was injected through a tail vein of the mouse. From the application in normal mouse model, we could confirm that the injected ICG stayed in the liver of the mouse and verify that the projection system projected the ICG
BACKGROUND
Currently, near-infrared (NIR) fluorescence imaging has been regarded as one of the most important experimental techniques that can be used to visualize cancer cells during surgery because surgeons rely on palpation and visual inspection in surgical practices. Actually, use of NIR fluorescence imaging was demonstrated in patients with glioma and liver cancer [1] [2] [3] [4] . Advantages of NIR fluorescence light (700 -900 nm) include high tissue penetration (up to several centimeters deep) and low autofluorescence providing sufficient signal to background ratio [5] . Moreover, as the human eye is insensitive to NIR wavelengths, the use of NIR light does not interfere with the surgical field. Recent preclinical and clinical data have demonstrated that NIR fluorescence imaging using the NIR fluorescence agent indocyanine green (ICG) enables real-time transcutaneous and intraoperative visualization of lymphatic channels and detection of * Corresponding author.
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the sentinel lymph node (SLN) [6] [7] [8] [9] [10] [11] [12] [13] [14] . Especially SLN mapping, as introduced for the management of breast cancer by Giuliano et al. is currently regarded as the standard of care for staging of the axilla [4, 15, 16] . Therefore, NIR fluorescence imaging can be applied as an alternative for conventional techniques used for SLN mapping.
However, even though NIR fluorescence imaging has many advantages in SLN mapping and cancer detection, NIR fluorescence imaging shows a serious drawback that NIR cannot be detected by the naked eye without any detectors. This limitation further disturbs accurate SLN detection and adequate tumor resection resulting in the presence of cancerous cells near the boundaries of surgically removed tissues. In surgical practice, surgeons should use extra-instruments such as the special goggles to accurately detect NIR fluorescence [17] [18] [19] . Use of extra-instruments, however, may cause a great deal of inconvenience for surgeons on operations.
In this paper, we suggest a NIR imaging system that can make the NIR fluorescence image visible to the naked eye as the NIR fluorescence image detected by a video camera is processed by a computer and then projected back onto the NIR fluorescence excitation position with a projector using conspicuous color light (Figure 1 ).
MATERIALS AND METHODS

Composition of a NIR Fluorescence Projection System
The NIR fluorescence image's projection system and its operation principle are shown in Figures 1 and 2 . The projection system consists of a CCD camera (Guppy, PRO F-031B) for acquisition of the ICG fluorescence image, a machine vision macro lens (VS Technology, VS-MC35) combined with a band-pass filter (Thorlabs, FB830-10, center wavelength: 830 nm), and a projector (Optoma, PK320) as shown in Figure 1 . The machine vision macro lens is put in the CCD camera and the projector is also combined with the CCD camera as a probe for the NIR fluorescence acquisition and projection. As a NIR optical source, light emitting diodes (LEDs) which have 760 nm of center wavelength are used for excitation of ICG fluorescence. The ICG fluorescence image excited by the NIR lamp is acquired by the CCD camera and then the fluorescence image is processed by a computer. In the process of the image processing, the fluorescence image has conspicuous color for emphasis of the projected image and has adjusted image size and location for accordance between the acquired image and the projected image. Finally, the processed ICG fluorescence image is accurately projected back onto the subject and users of the projection system can confirm the exact shape and location of the ICG fluorescence image to the naked eye.
Image Processing for NIR Fluorescence Projection
A square image sample (1 cm  1 cm) was prepared to confirm the image acquisition and projection as shown in Figure 3 (a) and the state of the acquired image by the CCD camera and the projected image by the projector were checked according to the height of the projection system. For the experiment, the band-pass filter was temporarily removed from the CCD camera-projector probe. Figure 4 shows the size variation of the square image sample according to height of the projection system. When the height of the projection system increased as 21, 23, 25, 27, and 30 cm from the bottom, the size of the images acquired by the CCD camera decreased linearly as 7.8, 7.35, 6.8, 6.35, and 5.7 cm without the length difference between the width and the height. However, the size of the projected images was uniform as 1.9 cm of width length and 2.3 cm of height length although the height of the projection system increased. Therefore, we corrected the length difference between the width and the height and the size difference between the real image (1 cm  1 cm) and the projected image (1.9 cm  2.3 cm, Figure 3(b) ) by using the image processing technique. The camera used to acquire the fluorescence image is a CCD camera with 14 bit greyscale. Therefore, the NIR fluorescence in the acquired image provides just a white color and the white color decreases visibility when the fluorescence image is projected back onto the subject. So, conspicuous color which can be controlled depending on the surface color of the subject was merged in the region of the NIR fluorescence. The image processing was implemented by using the Labview (National Instrument, USA).
Performance Evaluation of the NIR Fluorescence Projection System
To evaluate performance of the NIR fluorescence projection system, a phantom which has circular holes 2, 4, 6, and 8 mm wide and 1 mm deep was manufactured as shown in Figure 5(a) . ICG (25-mg vials) was purchased from Daiichi Sankyo Propharma Co. (Osaka, Japan) and was resuspended in 10cc of sterile water for injection to yield a 1.25 g/ml stock solution. The resuspended ICG was put into the circular holes of the phantom and the fluorescence image of the ICG in the phantom was acquired and projected by the projection system as shown in Figures 5(b) and (c) . From the fluorescence image of the ICG in the phantom, we could confirm that the projected fluorescence image coincides with the expressed fluorescence image accurately and the projection system is capable of projecting the small fluorescence image of 2 mm size.
RESULTS
Application in Normal Mouse Model of the NIR Fluorescence Projection System
The NIR fluorescence projection system was applied in normal mouse model to confirm the usefulness of the system in clinical field. A BALB/c nude mouse was prepared to be applied in normal mouse model and 0.25 mg/ml stock solution of the ICG was injected through a tail vein of the mouse. Acquisition and projection of the fluorescence image were implemented by the NIR fluorescence projection system after ten seconds of the tail vein injection. Figures 6(a) and (b) show the ICG fluorescence images acquired and projected by the projection system on the skin of the mouse, respectively. We could confirm that the injected ICG stayed in the liver of the mouse from the Figures 6(a) and (b) and verify that the projection system projected the ICG fluorescence image at the exact position of the fluorescence expression by performing laparotomy of the mouse as shown in the Figures 6(c) .
From the application in normal mouse model of the NIR fluorescence projection system, we can demonstrate that newly developed projection system can be a novel tool for visualization and positioning of the NIR fluorescence.
CONCLUSIONS
In summary, we have developed a novel NIR fluores- cence projection system for visualization and positioning of the NIR fluorescence. The operation principle for the projection system is simple in that the ICG fluorescence image excited by the NIR lamp is acquired by the CCD camera and then the fluorescence image is processed by a computer. In the process of the image processing, the fluorescence image has a conspicuous color for emphasis of the projected image and has adjusted image size and location for accordance between the acquired image and the projected image. Finally, the processed ICG fluorescence image is precisely projected back onto the subject.
By use of the NIR fluorescence projection system and the normal mouse model, we observed the visualization and positioning of the NIR fluorescence projection image. From the experiment by the normal mouse model, it can be demonstrated that the NIR fluorescence projection system can make it possible to visualize and position the invisible NIR fluorescence image.
Also, we can verify that the NIR fluorescence projection system can make it possible to realize the SLN mapping and cancer detection in clinical surgery. 
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